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Description 

[0001] The present invention relates generally to the 
measurement of contact lens parameters by using an 
optical sectioning technique, and more particularly per- 
tains to a lens parameter measurement using optical 
sectioning. 

[0002] The accurate measurement of contact lens pa- 
rameters has presented a problem in the prior art. While 
a current method for measuring a contact lens diameter 
(D) is reliable, no method exists at all for measuring the 
front radius of curvature (FC) of a contact lens. The 
method for measuring the back radius of curvature (BC) 
of a contact lens is instrument/operator specific, and the 
methods for measuring the center thickness (CT) of a 
contact lens involve physically deforming or destroying 
the lens. 

[0003] The measurement of the base curve and cent- 
er thickness of a contact lens can be very difficult. The 
current base curve measurement is performed by an ul- 
trasound technique for measuring the back sag at a pre- 
determined diameter. Aside from errors introduced by 
variations in the temperature of the solution in which the 
contact lens is immersed, the lens itself is not perfectly 
spherical, and thus does not fulfill the requirements of 
the geometrical equation used to transform back sagittal 
height readings into radius of curvature values, In addi- 
tion, the device cannot measure the front radius of cur- 
vature of the contact lens, nor can it measure the as- 
phericity or toricity of either the front or back curve of 
the contact lens. The centre thickness is measured by 
lowering a plunger onto a wet contact lens mounted on 
a pedestal, and measuring the difference in height from 
the pedestal alone. This measurement technique suf- 
fers from variable rates of material deformation from the 
measuring force attributable to material modulus, incon- 
sistent plunger counter weight force, and lens design. A 
non-contacting measurement technique would be much 
preferable. 

[0004] International patent application W095/22925 
to Keravision, Inc. discloses a method and an apparatus 
for mapping the surface of an object, whereby a light 
pattern is projected on the surface of the object and pa- 
rameters are measured from the detected reflection. 
[0005] European patent application EP0561178 to 
Roke Manor Research Limited discloses apparatus for 
the measurement of the curvature of a surface. The ap- 
paratus comprises a source of electromagnetic radia- 
tion, means for detecting the electromagnetic radiation, 
means for focusing the radiation which has been reflect- 
ed from the surface onto the detector, and means for 
processing the output signal from the detector. Accord- 
ingly, the signal processor provides an indication of the 
curvature of the surface. 

SUMMARY OF THE INVENTION 

[0006] The present invention is directed to a method 



of measuring desired parameters of a contact lens (64) 
by optical sectioning comprising: 

a. positioning a contact lens on a support fixture; 
s b. generating a line of light; 

c. directing the line of light through the contact lens; 

d. detecting an image of the light scattered at the 
surfaces of the contact lens; and 

e. analysing the detected light image to measure 
io the desired parameters of the contact lens; charac- 
terised in that: 

the line of light is directed through a selected 
diameter of the contact lens such that the line 

*s of light bisects the contact lens; 

the step of detecting the image of the light is 
performed on light scattered at the surfaces of 
the contact lens at the selected diameter to 
generate a cross-sectional image at the select- 

20 ed diameter; and 

deducing the desired parameters of the contact 
tens from said cross-sectional image. 

[0007] The present invention is further directed to an 
25 apparatus for measuring desired parameters of a con- 
tact lens by optical sectioning comprising: 

a. a support fixture for position ing a contact lens be- 
ing measured; 

30 b. means for generating and directing a line of light 
through the contact lens; and 
c. means for detecting an image of the light scat- 
tered at the surfaces of the contact lens, and for an- 
alysing the detected light image to measure the de- 

35 sired parameters of the contact lens; characterised 
in that: 

the line of Eight is directed through a selected 
diameter of the contact lens such that the line 

40 of light bisects the contact lens; and 

the detecting means detect light scattered at 
the surfaces of the contact lens at the selected 
diameter to generate a cross-sectional image 
at the selected diameter, from which the de- 

45 sired parameters of the contact lens can be de- 

duced. 

[0008] The subject invention provides an optical sec- 
tioning technique for measuring at least four basic pa- 

50 rameters of a contact lens comprising the diameter (D), 
front radius of curvature (FC), back radius of curvature 
(BC), and centre thickness (CT), which can be meas- 
ured directly or deduced from a cross-section of the 
lens. The present invention uses a line or sheet of light 

55 to illuminate and highlight a cross-sectional view of an 
immersed lens. That cross-sectional view contains all of 
the information necessary to obtain all four parameters 
directly, without contacting or destroying the lens. 
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[0009] In one embodiment, the 4880 A line of an Ar 2+ 
laser is coliimated, and then focused with a cylindrical 
lens onto a contact lens. The resulting line of light is di- 
rected onto a support fixture with a cup which contains 
a slotted pedestal. The cup is filled with a saline solution, 5 
and the lens is placed on a pedestal completely im- 
mersed under the surface of the solution, and the line 
of light is adjusted so as to pass through the middle of 
the contact lens. A charge coupled television (CCTV) 
camera detects the light scattered from the surfaces of 
the contact lens, and a software program analyses the 
image to obtain the desired parameters of the contact 
lens. 

[0010] The present invention has many advantages 
over present prior art techniques. It is noncontacting, 
and operates in reflection so that the optical inspection 
can be performed "in -package", and is very compact. 
Also, it combines in one instrument the functions now 
accomplished by a micro-comparator, ultrasound 
gauge, Rehdergauge, and microscope. Additionally, the 
front curve radius of the contact lens can be measured, 
which is not presently possible and could be of great 
benefit, particularly for aspheric contact lenses. 
[0011] The optical sectioning technique provides a 
very useful method for determining a contact lens diam- 
eter, front and backcurvature, thickness and power. The 
measurement of these parameters is much more accu- 
rate than any current prior art methods, and can advan- 
tageously be used to measure lenses in packages. The 
optical sectioning technique is also much more accurate 
than all current prior art methods, and is less expensive 
than the multiple instruments in usage today. The meas- 
urement technique is noncontacting, nondestructive, 
and nonintrusive. Image processing is employed to en- 
hance the image and calculate the lens parameters. It 
also can measure aspects of contact lenses which no 
other prior methods can measure, such as the aspheric- 
ity of the front and back surfaces. Lens designs using 
asphericity cannot be measured using any known prior 
art method, nor can any unintentional asphericity be de- 
tected. The optical sectioning technique can also be ap- 
plied to bifocal lenses, particularly concentric annular 
ring contact lens designs. 

[0012] The technical approach is to form a line of light 
which is directed through a lens, immersed in a saline 
solution, and positioned on a pedestal. The line of light 
travels parallel to the lens center of rotation axis and 
bisects the lens. Scattered light is imaged onto a CCD 
camera, and the resultant image is enhanced and ana- 
lyzed. The optical elements used in the detection sys- 
tem can include a flat, a wedge, and an imaging lens 
system. The resultant image is analyzed using a nonlin- 
ear least squares fitting data processing approach. 
[0013] A wideband light source is preferably used to 
decrease pixellation from speckle. The Instrument is de- 
signed for compactness and ease of usage with inter- 
changeable sample holders or cells for different types 
of contact lenses, single button operation, and easy cal- 



ibration. 

[0014] In accordance with the teachings herein, the 
present invention provides a method and apparatus for 
measuring desired parameters of a contact lens by op- 
tical sectioning which comprises positioning a contact 
lens on a support fixture. A line of light is generated and 
directed through a selected diameter of the contact lens. 
An image is detected of the light scattered at the surfac- 
es of the contact lens at the selected diameter, and the 
detected light Image is analyzed to measure and deter- 
mine the desired parameters of the contact lens. 
[0015] In greater detail, the analysis provides the 
measured parameters of at least four basic parameters 
of a contact lens comprising the diameter (D), front ra- 
dius of curvature (FC), back radius of curvature (BC), 
and center thickness (CI). The analysis can provide ad- 
ditional measured parameters of the contact lens which 
include the front radius of curvature with aspheric form, ' 
the back radius of curvature with aspheric form, the len- 
ticular curve radius, the peripheral curve radius, the sag- 
ittal height, aspherical deviations, and the power of the 
lens. 

[0016] The line of light is directed onto a support fix- 
ture which includes a container in which a pedestal is 
positioned, and the container is filled with a saline solu- 
tion. The contact lens is placed on the pedestal com- 
pletely immersed in the solution, and the line of light is 
directed over the edge of the container and through a 
selected diameter of the contact lens. A charge coupled 
television (CCTV) imaging camera detects the image of 
the light scattered from the surfaces of the contact lens. 
The imaging camera is preferably positioned at a right 
angle to a light source used to illuminate the contact 
lens. The imaging camera is elevated with respect to 
and views the lens at an angle greater than the critical 
angle relative to the surface of the saline solution, which 
is the minimum angle at which light is transmitted and 
below which all light is reflected and none transmitted 
by the surface of the saline solution. 
[0017] The optical sectioning measurement can ad- 
vantageously be utilized on a contact lens which is im- 
mersed in saline packaging solution in a packaging con- 
tainer. 

[0018] The detection system can include an optical 
flat, an optical prism mounted on the optical flat, and an 
optical imaging system. 

[0019] The image is analyzed by a software program 
which uses a nonlinear least squares fitting data 
processing approach. The analysis includes an image 
processing macro routine which combines several mor- 
phological routines into one sequence which is execut- 
ed for each image, the result of which is stored digitally, 
and the stored image is then input to a software routine 
for calculation of selected parameters of the contact 
lens. The parameter calculation is based upon a nonlin- 
ear regression based upon the residuals error from a 
Taylor Series expansion of an expected contact lens 
curve profile. 
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[0020] The beam of light is shaped and focused in an 
arrangement in which light from a light source passes 
through a spatial filter, is collimated by a collimating 
lens, and is focused by a cylindrical lens into a line of 
light at the contact lens being measured. The line of light 5 
is directed onto the support fixture which includes a cen- 
tral support button, surrounded by alignment posts to 
properly position a contact lens within the support fix- 
ture. The central support button and alignment posts are 
positioned at a level A in the fixture, and the top of the 
alignment posts do not extend above a level B. An op- 
tical flat with a prism positioned thereon is slidably po- 
sitioned on slide rails at the level B. A cavity in the fixture 
is filled with saline solution, and the optical flat is guided 
by the slide rails to slide to one side while clearing the 
area over the central support button and alignment 
posts. The contact lens being measured is lowered into 
the saline solution between the alignment posts, and 
comes to rest on top of the central support button in an 
essentially horizontal position. The optical flat is then 
slided to a second opposite side to position it above the 
contact lens for an optical sectioning measurement. 
[0021] In the detection arrangement, light from the il- 
luminated contact lens is directed by imaging optics onto 
a camera, an image is captured by a frame grabber and 
digitally stored in memory, the stored digital image is 
then subjected to image processing, including image 
enhancement, curve fitting, and measurement of pa- 
rameters of the lens by the application of selected 
known algorithms which are available commercially in 
software. 

[0022] The foregoing objects and advantages of the 
present invention for a lens parameter measurement us- 
ing optical sectioning may be more readily understood 
by one skilled in the art with reference being had to the 
following detailed description of several preferred em- 
bodiments thereof, taken in conjunction with the accom- 
panying drawings wherein like elements are designated 
by identical reference numerals throughout the several 
views, and in which: 

Figure 1 illustrates a flow chart of a preferred proc- 
ess for lens parameter measurement using optical 
sectioning pursuant to the present invention; 
Figure 2 illustrates one embodiment on an optical 
arrangement for shaping and focusing a beam of 
light in which light from a source passes through a 
spatial filter, is collimated by a collimating lens, and 
is focused by a cylindrical lens into a line of light at 
the contact lens being measured; 
Figures 3, 4 and 5 are respectively top planar, and 
end and side elevational, views of a support fixture 
for holding a contact lens during the measurement 
technique of the present invention; 
Figures 6 and 7 are respectively side elevational 
and top planar views of a central support button and 
surrounding alignment posts to properly position a 
contact lens within a support fixture; 



Figures 8 and 9 are respectively top planar and side 
elevational views of an optical glass flat, having a 
prism positioned on top thereof, positioned on slide 
rails; 

Figure 1 0 is a side elevational view of only the op- 
tical flat and slide rail assembly; and 
Figure 11 illustrates a curve fit approximation to the 
measured points of a contact lens pursuant to the 
processing techniques of the present invention, 
with the curve being of sag in pixels versus distance 
in pixels across a measured cross-section of a con- 
tact lens. 

[0023] The present invention provides a nondestruc- 
tive measurement technique for measuring all of the 
physical dimensions of a hydrated contact lens. The 
measurable dimensions include the front curve radius, 
lenticular curve radius, peripheral curve radius, back 
curve radius, diameter, center of lens thickness, sagittal 
height, power, and aspherical deviations. The lenticular 
and peripheral juncture is also discernible. Heretofore 
in the prjor art, many of these parameters were not 
measurable and, if measurable, suffered from inaccura- 
cies and/or damage or destruction of the lens being 
measured. 

[0024J Figure 1 illustrates a flow chart of a preferred 
process in which light from a light source 10 is shaped 
at 12 into a desired beam shape as a line of light which 
is directed onto a lens positioned in a lens holding fixture 
at 14. An image of the illuminated lens is directed by 
imaging optics 16 onto a camera 18, and an image is 
captured by a frame grabber 20, and digitally stored in 
memory at 22. The stored digital image is then subjected 
to image processing, including image enhancement at 
24, curve fitting at 26, and measurement of pertinent pa- 
rameters of the lens by the application of appropriate 
algorithms at 28, and the measured parameters are then 
displayed at 30. 

[0025] The light source may be any high intensity light 
generator such as a laser diode, arc lamp, or high radi- 
ance LED. Reduction to practice has been with a laser, 
however a high radiance LED may be preferred in some 
embodiments. A preferred wavelength may be infrared 
(IR) just in the invisible range. The required light inten- 
sity is dependent upon the sensitivity of the detection 
system. At the extremes, too high an intensity could 
damage or modify the lens being measured, while at the 
other extreme, no detectible image would be generated. 
The ideal is a small thin line of intense light in a small 
source. 

[0026] Figure 2 illustrates one embodiment of an op- 
tical arrangement for shaping and focusing a beam of 
light, in which light from a source 34 passes through a 
spatial filter 36, and is collimated by a collimating lens 
38. A cylindrical lens 40 focuses the collimated beam 
into a line of light at the contact lens 41 . A mirror 42 is 
angularly adjustable to properly position the focused line 
of light relative to the contact lens. The contact lens is 
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positioned on a pedestal 44 in an observation support 
cup 46 in which it is immersed in saline solution. 
[0027] Figure 2 illustrates a basic approach to provid- 
ing the cross-sectioning light and picking up the scat- 
tered light image. A line of light can be formed by spa- 5 
tially filtering, collimating and cylindrically focusing an 
Afi+ (4880 A, nominally 20 mW) laser beam. The result- 
ant line of light beam passes through a mounting cell, 
as shown in Figures 2-1 0, holding a lens immersed in 
saline solution. The scattered light is received by a lens 
which focuses it onto a detection camera. 
[0028] The lens . being measured can be positioned 
using a support fixture 14, such as that illustrated in 
greater detail in Figures 3-10. Figures 3, 4 and 5 are 
respectively top planar, and end and side elevational, ( 
views of a support fixture for holding a contact lens dur- 
ing the measurement technique of the present inven- 
tion. Figures 6 and 7 are respectively side elevational 
and top planar views of a central support button and sur- 
rounding alignment posts to properly position a contact 
lens within the support fixture. Figures 8 and 9 are re- 
spectively top planar and side elevational views of an 
optical glass flat, having a prism positioned on top there- 
of, positioned on slide rails in the support fixture, and 
Figure 10 is a side elevational view of only the optical 
flat and slide rait assembly. 

[0029] Referring to Figures 3-10, a central support 
button 50 and cooperating alignment posts 52 are posi- 
tioned at level A, Figure 5, in the fixture 14. The top of 
the alignment posts 52 do not extend above a level B in 
the fixture 14. An optical flat 54 with a prepositioned 10 
degree wedge prism 56 is slidably engaged on slide rails 
58 which rest at level B in the fixture 14. The lower sur- 
face of the optical flat 54 is positioned slightly below the 
level of the saline solution to remove any optical distor- 
tions as might otherwise be caused by ripples on the 
surface of the saline solution. 

[0030] In operation, a. cavity 60 in the fixture is filled 
with saline solution. The optical flat 54 guided by the 
slide rails 58 is slided to the right (in Figure 5) so as to 
clear the area over the button 50 and cooperating align- 
ment posts 52. The lens being measured is dropped or 
lowered into the saline solution between the three es- 
sentially uniformly positioned alignment posts 52. As the 
lens sinks in the saline solution, it normally touches 
(bumps) one or more of the alignment posts 52 and 
comes to rest on the top of the support button 50 in an 
essentially horizontal position. The optical flat 54 is then 
slided to the left extreme (in Figure 5) which positions it 
properly above the lens for an optical sectioning meas- 
urement. 

[0031 ] The mounting cell 1 4 is designed to allow most 
of the excess laser light to be absorbed at the bottom of 
the cell out of the view of the camera. The optical flat 54 
and wedge prism 56 are used with the cell in the detec- 
tion system to aid in correcting image distortions pro- 
duced by the surface of the solution covering the lens 
and the viewing angle. 



[0032] The lens can be correctly positioned by hand 
with respect to the scanning line of light, or the position 
of the scanning line of light can be adjusted, as by the 
mirror 42, so as to cause an image to occur on a desired 
diameter (normally the center diameter) of the lens be- 
ing measured. In appropriate circumstances, the con- 
tact lens might be rotated to position the line of light 
along a different meridian (different angular diameter) 
of the lens. In a continuous mode of operation, such as 
on a production line, the light source is energized, and 
the image from the camera is checked to verify that the 
light image is on the desired proper diameter. Either the 
camera or the holder can be physically adjusted so as 
to place the image on a selected diameter. The slight 
adjustment movement can be provided by motors or by 
a positioning cylinder. 

[0033] The energised light source causes a detecta- 
ble line of light (through a vertical section of the contact 
lens) to be imaged, and allows for either the holder or 
the camera to be spatially adjusted. Movement must be 
only to and fro so that the line of light illuminating the 
lens is maintained in parallel alignment with the imaging 
camera so as to not introduce distortion into the subse- 
quent image enhancement and measurement. 
[0034] When the light source illuminates the mounted 
lens, light is scattered by the surfaces of the lens and 
produces a bright area on the external surfaces of the 
lens (the illuminated surfaces contacted by the line of 
light). The prism 56 provides a suitable magnification 
(spread) of the image which is relayed by an imaging 
optical system 61 so as to nearly fill the detection area 
or screen of the imaging camera 1 8. One advantageous 
position for the imaging camera 1 8 is at a right angle to 
the light source at the level of the contact lens specimen . 
Practicality dictates that the camera be elevated and 
view the lens at an angle. The camera views the contact 
lens over the edge of the cup and at an angle greater 
than the critical angle. The critical angle is defined as 
the minimum angle at which light is transmitted through 
the surface of the saline solution, and below which all 
light is reflected by the surface of the saline solution and 
none transmitted. A saline-air interface correction is re- 
quired as explained herein-below. The imaging camera 
is positioned to account for the Scheinpflug effect, i.e. 
all optical paths are of equal length. The raw image is 
captured by a frame grabber20 and transferred to digital 
storage 22. 

[0035] As illustrated in Figures 8 and 9, the illuminat- 
ing light 62 is usually positioned normally to the surface 
of the optical flat 54 directly above a contact lens 64, 
and is in the form of a line of light 66. 
[0036] The image detection apparatus can incorpo- 
rate a COHU Model 4810 Camera and Data Translation 
Model 2855 Frame Grabber. A Melles-Griot Cooke Tri- 
plet lens optimized for infinite conjugate images a cross- 
sectional image onto the camera, accounting for the 
Scheinpflug condition. 

[0037] Software has been developed to process the 
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image, including image acquisition, filtering, sorting and 
calculations. An image processing macro routine com- 
bines many of the morphological routines into one se- 
quence which is executed for each image, the result of 
which is stored digitally. The stored image is then input 
to a software routine for sorting and calculation of pa- 
rameters. In greater detail, the image is acquired and 
preprocessed by several stages of filtering for the pur- 
pose of removing extraneous background noise. The fil- 
tered image is then thresholded so that only the lens 
profile is visible. The profile is then fit to cartesian coor- 
dinates, smoothed with a sliding three point filter, and 
translated into two arrays, a first array for the back sur- 
face, and a second array for the front surface. Each sur- 
face is then inputted to a curve fitting algorithm and its 
function coefficients calculated. 
[0038] The parameter calculation is based upon a 
powerful nonlinear regression technique based upon 
the residuals error from a Taylor Series expansion of the 
expected curve profile. In greater detail, the estimates 
of the time residual differences between empirical val- 
ues of the fitting function and actual values, and the es- 
timated residuals, are incrementally improved by ex- 
panding the actual functional residuals with a linear Tay- 
lor series about the estimated values. This equation is 
reorganized in terms of the actual and estimated resid- 
uals, and a set of parameters is found which minimizes 
the sum of the squares of the true residuals. This func- 
tion has a minimum value when all of its partial deriva- 
tives with regard to the fitting function coefficients are 
zero. This set of nominal equations is solved by obtain- 
ing the first order approximations to the incremental im- 
provements mentioned above. The process is then iter- 
ated using the improved values until the increments fall 
below a specified tolerance. This method tends to con- 
verge very rapidly, and allows the data to be fit to any 
arbitrary function for contact lenses, which allows the 
output of the software to be used as feedback in a man- 
ufacturing process. 

[0039] Figure 11 illustrates a curve fit approximation 
to the measured points of a contact lens pursuant to the 
processing techniques of the present invention, with the 
curve being of sag in pixels versus c distance in pixels 
across a measured cross-section of a contact lens. 
[0040] Optical sectioning of a lens Is provided by the 
present invention to improve the accuracy of lens pa- 
rameter measurements. The most critical parameters 
include center thickness, thickness profile, radii of cur- 
vature and asp he ri city of the front curve, back curve and 
lenticular curve, and the diameter as a function of radial 
and azimuthal position. From these values the lens pow- 
er can also be readily calculated from known equations. 
[0041] In the optical sectioning technique, the lens is 
optically sectioned using a pseudo-coherent light 
source which is scattered sufficiently from the illuminat- 
ed surface of the lens material. The image is captured 
by a solid state camera and frame grabber, and ana- 
lyzed using typical Image processing algorithms. In one 



embodiment, the technique was evaluated using an Ar- 
gon ion laser emitting at the 488 nm tine with a power 
of 30 mW, a COHU 4810 CCD camera and a Data 
Translation 2855 frame grabber. Tests were conducted 
5 using several dozen soft hydrogel contact lenses. The 
results indicated that the optical or laser sectioning tech- 
nique measured the center thickness, the thickness pro- 
file, the radii of curvature of the front curve and the back 
curve, the diameter, the lenticular radius of curvature, 
10 and the asphericity as a function of radial and azimuthal 
position repeatably and. with sufficient accuracy. There- 
fore, the lens power could be calculated with repeata- 
bility and accuracy. 

[0042] While several embodiments and variations of 
the present invention for a lens parameter measurement 
using optical sectioning are described in detail herein, it 
should be apparent that the disclosure and teachings of 
the present invention will suggest many alternative de- 
signs to those skilled in the art. 



Claims 

1. A method of measuring desired parameters of a 
contact lens (64) by optical sectioning comprising: 

a. positioning a contact lens (64) on a support 
fixture (46); 

b. generating a line of light (66); 

30 c. directing the line of light (66) through the con- 

tact lens (64); 

d. detecting an image of the light scattered at 
the surfaces of the contact lens (64); and 

e. analysing the detected light image to meas- 
35 ure the desired parameters of the contact lens 

(64); characterised in that: 

the line of light is directed through a select- 
ed diameter of the contact lens (64) such 
40 that the line of light (66) bisects the contact 

lens; 

the step of detecting the image of the light 
is performed on light scattered at the sur- 
faces of the contact lens (64) at the select - 
45 ed diameter to generate a cross-sectional 

image at the selected diameter; and 
deducing the desired parameters of the 
contact lens (64) from said cross-sectional 
image. 

50 

2. A method as claimed in claim 1 , wherein the ana- 
lysing step provides the measured parameters of at 
least four basic parameters of a contact lens (64) 
comprising the diameter (D), front radius of curva- 

55 ture (FC), back radius of curvature (BC); and centre 
thickness (CT). 

3. A method as claimed in claim 1 , wherein the ana- 
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lysing step provides the measured parameters of 
the contact lens (64) which include the front radius 
of curvature with aspheric form, the back radius of 
curvature with aspheric form, the centre thickness, 
the diameter, the lenticular curve radius, the periph- 
eral curve radius, the sagittal height, aspherical de- 
viations, and the power of the lens. 

4. A method as claimed in any preceding claim, where- 
in the line of light (66) is directed onto a support fix- 
ture which includes a container (46) in which a ped- 
estal (44) is positioned, the container (46) is filled 
with a saline solution, and the lens (64) is placed on 
the pedestal (44) completely immersed in the solu- 
tion, and the line of light (66) is directed over the 
edge of the container (46) and through a selected 
diameter of the contact lens (64). 

5. A method as claimed in claim 4, wherein a charge 
coupled television (CCTV) imaging camera (1 6) de- 
tects the image of light scattered from the surfaces 
of the contact lens (64). 

6. A method as claimed in claim 5, wherein the imag- 
ing camera (18) is elevated with respect to and 
views the lens (64) at an angle greater than the crit- 
ical angle relative to the surface of the saline solu- 
tion, which is the minimum angle at which light is 
transmitted and below which all light is reflected and 
none transmitted by the surface of the saline solu- 
tion. 

7. A method as claimed in any preceding claim, where- 
in the contact lens (64) is immersed in saline pack- 
aging solution in a packaging container. 

8. A method as claimed in claim 1 , wherein the detec- 
tion system includes an optical flat, an optical prism 
mounted on. the optical flat, and an imaging lens 
system. 

9. A method as claimed in any preceding claim, where- 
in the image is analysed by a software program 
which uses a non-linear least squares fitting data 
processing approach. 

1 0. A method as claimed in any preceding claim, where- 
in the step of analysing includes an image process- 
ing macro routine which combines several morpho- 
logical routines into one sequence which is execut- 
ed for each image, the result of which is stored dig- 
itally, and the stored image is then input to a soft- 
ware routine for calculation of selected parameters 
of the contact lens (64). 

11. A method as claimed in claim 10, wherein the pa- 
rameter calculation is based upon a non-linear re- 
gression based upon residuals error from a Taylor 



Series expansion of an expected contact lens (64) 
curve profile. 

1 2. A method as claimed in any preceding claim, where- 
5 in the step of generating includes the steps of shap- 
ing and focusing a beam of light in which light from 
a light source passes through a spatial filter (36), is 
coilimated by a collimating lens (38), and is focused 
by a cylindrical lens (40) into a line of light (66) at 

10 the contact lens (64) being measured. 

1 3. A method as claimed in any precedi ng claim, where- 
in the line of light (66) is directed onto the support 
fixture which includes a central support button (50), 

'5 surrounded by alignment posts (52) to properly po- 
sition a contact lens (64) within the support fixture. 

14. A method as claimed in claim 12, wherein the cen- 
tral support button (50) and alignment posts (52) are 

20 positioned at a level A in the.fixture, and the top of 
the alignment posts (52) do not extend above a level 
B in the fixture, an optical flat (54) with a prism (56) 
positioned thereon is slideably positioned on slide 
rails (58) and rests at the level B, a cavity (60) in the 

25 fixture is filled with saline solution, the optical flat 
(54) is guided by the slide rails (58) to slide to one 
side while clearing the area over the central support 
button (50) and alignment posts (52), the contact 
lens (64) being measured is lowered into the saline 

so solution between the alignment posts (52), and 
comes to rest on the central support button (50) in 
an essentially horizontal position, and the optical 
flat (54) is then slid to a second opposite side to po- 
sition it above the contact lens (64). 

35 

15. A method as claimed in claim 13, wherein the opti- 
cal flat (54) has its lower surface immersed in the 
saline solution to eliminate optical distortions by the 
surface of the solution. 

40 

1 6. A method as claimed in any preceding claim, where- 
in the contact lens (64) is immersed in saline solu- 
tion while positioned on the support fixture. 

45 17. A method as claimed in any preceding claim, where- 
in light from a light source is shaped into a line of 
light (66) which is directed onto a contact lens (64) 
positioned in the support fixture, light from the illu- 
minated contact lens (64) is directed by imaging op- 
so tics (1 6) onto a camera (18), an image is captured 
by a frame grabber (20) and digitally stored in mem- 
ory (22), the stored digital image is then subjected 
to image processing, including image enhancement 
(24), curve fitting (26), and measurement of param- 
55 eters of the lens by the application of selected algo- 
rithms (28). 

1 8. A method as claimed in any preceding claim, where- 
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in the detecting step is performed with a camera 
(1 8) positioned to view the contact lens (64) through 
a prism (56) and at an angle relative to a vertical. 

19. Apparatus for measuring desired parameters of a 
contact lens (64) by optical sectioning comprising; 

a. a support fixture for positioning acontact lens 
(64) being measured; 

b. means for generating and directing a line of 
light (66) through the contact lens (64); and 

c. means for detecting an image of the light 
scattered at the surfaces of the contact lens 
(64), and for analysing the detected light image 
to measure the desired parameters of the con- 
tact lens (64); characterised in that: 

the line of light (66) is directed through a 
selected diameter of the contact lens (64) 
such that the line of light (66) bisects the 
contact lens; and 

the detecting means detect light scattered 
at the surfaces of the contact lens (64) at 
the selected diameter to generate a cross- 
sectional image at the selected diameter, 
from which the desired parameters of the 
contact lens (64) can be deduced. 

20. Apparatus as claimed in claim 1 9, wherein the sup- 
port fixture includes a container (46) in which a ped- 
estal (44) is positioned, the container (46) is filled 
with a saline solution, and the lens (64) is placed on 
the pedestal (44) completely immersed in the solu- 
tion, and the line of light (66) is directed over the 
edge of the container (46) and through a selected 
diameter of the contact lens (64). 

21 . Apparatus as claimed in claim 20, wherein a charge 
coupled television (CCTV) imaging camera (1 8) de- 
tects the image of light scattered from the surfaces 
of the contact lens (64). 

22. Apparatus as claimed in claim 21 , wherein the im- 
aging camera (18) is elevated with respect to and 
views the lens (64) at an angle greater than the crit- 
ical angle relative to the surface of the saline solu- 
tion, which is the minimum angle at which light is 
transmitted and below which all light is reflected and 
none transmitted by the surface of the saline solu- 
tion. 

23. Apparatus as claimed in claim 1 9, wherein the con- 
tact lens (64) is immersed in saline packaging so- 
lution in a packaging container. 

24. Apparatus as claimed in claim 19, wherein the de- 
tection system includes an optical flat (54), an opti- 
cal prism (56) mounted on the optical flat (54), and 



an imaging lens system. 

25. Apparatus as claimed in claim 1 9, wherein said gen- 
erating and directing means includes an arrange- 

5 ment in which light from a light source passes 
through a spatial fitter (36), is collimated by a colli- 
, mating lens (38), and is focused by a cylindrical lens 
(40) into a line of light (66) at the contact lens (64) 
being measured. 

10 

26. Apparatus as claimed in claim 1 9, wherein the sup- 
port fixture includes a central support button (50), 
surrounded by alignment posts (52) to properly po- 
sition a contact lens (64) within the support fixture. 

15 

27. Apparatus as claimed in claim 26, wherein the cen- 
tral support button (50) and alignment posts (52) are 
positioned at a level A in the fixture, and the top of 
the alignment posts (52) do not extend above a level 

20 b in the fixture, an optical flat (54) with a prism (56) 
positioned thereon is slideably positioned on slide 
rails (58) and rests at the level B, a cavity (60) in the 
fixture is filled with saline solution, the optical flat 
(54) is guided by the slide rails (58) to slide to one 

25 side while clearing the area over the central support 
button (50) and alignment posts (52), the contact 
lens (64) being measured is lowered into the saline 
solution between the alignment posts (52), and 
comes to rest on the central support button (50) in 

30 an essentially horizontal position, and the optical 
flat (54) is then slid to a second opposite side to po- 
sition it above the contact lens (64). 

28. Apparatus as claimed in claim 19, including means 
35 for immersing the contact lens in saline solution 

while positioned on the support fixture. 

29. Apparatus as claimed in claim 1 9, wherein light from 
the illuminated contact lens (64) is directed by im- 

40 aging optics (16) onto a camera (18), an image is 
captured by a frame grabber (20) and digitally 
stored in memory (22), and the stored digital image 
is then subjected to image processing for measure- 
ment of the parameters of the lens (64). 

45 

Patentanspruche 

1 . Verfahren zum Messen gewunschter Parameter ei- 
so ner Kontaktlinse (64) mittels optischen Sch neidens 
mit folgenden Schritten: 

a. Anordnen einer Kontaktlinse (64) auf einer 
Unterstutzungsbefestigung (46); 
55 b. Erzeugen einer Linie von Licht (66); 

c. Richten der Linie von Licht (66) durch die 
Kontaktlinse (64); 

d, Erfassen eines Abbilds des an der Oberfia- 
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che der Kontaktlinse (64) gestreuten Lichts; 
und 

e. Analysieren des erfaBten Lichtabbilds, um 
die gewunschten Parameter der Kontaktlinse 
(64) zu messen; dadurch gekennzelchnet, 
daB 

die Linie von Licht durch einen ausgewahlten 
Durchmesser der Kontaktlinse (64) gerichtet 
wird t so daB die Linie von Licht (66) die Kon- 
taktlinse zweiteilt; 

der Schritt des Erf ass ens des Abbiids des 
Lichts an dem Licht ausgefiihrtwird, daB an der 
Oberflache der Kontaktlinse an dem ausge- 
wahlten Durchmesser zum Erzeugen eines 
Querschnittsabbilds an dem ausgewahlten 
Durchmesser gestreut wird; und 
Ableiten der gewunschten Parameter der Kon- . 
taktlinse (64) aus dem Querschnittsabbild. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeieh- 
net, daB der Analysierschritt die gemessenen Pa- 
rameter von mindestens vier Grundparametern ei- 
ner Kontaktlinse (64) liefert, die den Durchmesser 
(D), den vorderen Krummungsradius (FC), den hin- 
teren Krummungsradius (BC) und die Mittelpunkt- 
dicke (CT) umfassen. 

3. Verfahren nach Anspruch 1, dadurch gekenn- 
zelchnet, daS der Analysierschritt die gemessenen 
Parameter der Kontaktlinse (64) liefert, welche den 
vorderen Krummungsradius mit aspharischer 
Form, den hinteren Krummungsradius mit asphari- 
scher Form, die Mittelpunktdicke, den Durchmes- 
ser, den Li nsen krummungsradius, den Randkrum- 
mungsradius, die sagittate Hone, aspharische Ab- 
weichungen und die Brechkraft der Linse umfas- 
sen. 

4. Verfahren nach einem der vorangehenden Anspru- 
che, dadurch gekennzelchnet, daB die Linie von 
Licht (66) auf eine Unterstutzungsbefestigung ge- 
richtet ist, welche einen Behalter (46) umfaBt, in 
dem ein Sockel (44) angeordnet ist, wobei der Be- 
halter mit einer Salzlosung gefullt wird, und die Lin- 
se (64) auf dem Sockel (44) angeordnet wird, wobei 
die Linse vollstandig in der Losung untergetaucht 
ist, und die Linie von Licht (66) uber die Kante des 
Behalters (64) und durch einen ausgewahlten 
Durchmesser der Kontaktlinse (64) gerichtet wird, 

5. Verfahren nach Anspruch 4, dadurch gekenn- 
zelchnet, daB eine ladungstragergekoppelte Fern- 
seh-(CCTV)-Abbildungskamera (18) das Abbild 
des von den Oberflachen der Kontaktlinse (64) ge- 
streuten Lichts erfaBt. 

6. Verfahren nach Anspruch 5, dadurch gekenn- 
zelchnet, daB die Abblldungskamera (18) bezug- 



lich der Linse erhoht wird und die Linse unter einem 
Winkel betrachtet, der groBer als der kritische Win- 
kel bezuglich der Oberflache der Salzlosung ist, 
welches der minimale Winkel ist, unter dem Licht 
5 weitergeteitet wird und unterhalb dessen alles Licht 
reflektiert wird und kein Licht von der Oberflache 
der Salzlosung weitergeleitet wird. 

7. Verfahren nach einem der vorangegangenen An- 
te spruche, dadurch gekennzelchnet, daB die Kon- 
taktlinse (64) in einer Verpackungssalzlosung in ei- 
nem Verpakkungsbehalter untergetaucht wird. 

8. Verfahren nach Anspruch 1, dadurch gekenn- 
'5 zeichnet, daB das Erfassungssystem eine optische 

Planflache, ein optisches auf deroptischen Planfla- 
che montiertes Prisma und ein Abbildungslinsensy- 
stem umfaBt. 

20 9. Verfahren nach einem der vorangegangenen An- 
spruche, dadurch gekennzelchnet, daB das Ab- 
bild von einem Softwareprogramm analysiert wird, 
daB einen nicht-linearen Datenanpassungsverar- 
beitungsansatz nach dem Verfahren der kleinsten 

25 Fehlerquadrate nutzt. 

10. Verfahren nach einem der vorangegangenen An- 
sp ruche, dadurch gekennzelchnet, daB der 
Schritt des Anatysierens eine Abbildbearbeitungs- 

30 Makroroutine umfaBt, die einige morphologische 
Routinen in eine Abfolge kombiniert, die fur jedes 
Abbild ausgefuhrt wird, wobei das Ergebnis hiervon 
digital gespeichert wird und das gespeicherte Ab- 
bild dann in eine Software routine zum Berechnen 

35 der ausgewahlten Parameter der Kontaktlinse (64) 
eingegeben wird. 

11. Verfahren nach Anspruch 10, dadurch gekenn- 
zelchnet, daB die Parameterberechnung auf einer 

40 nicht-linearen Regression basiert, die auf einem 
Restefehler von einer Taylorreihentwicklung eines 
erwarteten Krummungsprof ils der Kontaktlinse (64) 
basiert. 

45 12. Verfahren nach einem der vorangegangenen An- 
sp ruche, dadurch gekennzelchnet, daB der 
Schritt des Erzeugens den Schritt des Formens und 
Fokussierens eines Lichtstrahls umfaBt, bei dem 
das Licht von einer Lichtquelle durch einen raumli- 

so chen Filter (36) passiert, von einer Kollimierungs- 
linse (38) kollimiert wird und mittels einer zylindri- 
schen Linse (40) In eine Linie von Licht (66) an der 
Kontaktlinse (64) fokussiert wird, die vermessen 
wird. 

55 

13. Verfahren nach einem der vorangegangenen An- 
spruche, dadurch gekennzelchnet, daB die Linie 
des Lichts (66) auf die Unterstutzungsbefestigung 
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gerichtet ist, die einen zentralen Unterstutzungs- 
knopf umfaBt, der von Ausrichtungspfosten (52) 
umgeben ist, urn eine Kontaktlinse (64) innerhaib 
der Unterstutzungsbefestigung ordentlich zu posi- 
tionieren. 

14. Verfahren nach Anspruch 12, dadurch gekenn- 
zeichnet, daB der zentrate Unterstutzungsknopf 
(50) und die Ausrichtungspfosten (52) auf einem Ni- 
veau A in der Befestigung angeordnet sind und die 
Spitze der Ausrichtungspfosten sich nicht uber ein 
Niveau B. in der Befestigung erstreckt, wobei eine 
optische Planfiache (54) mlt einem hierauf ange- 
ordneten Prisma (56) verschiebbar auf Gleitschie- 
nen (58) angeordnet ist und auf dem Niveau B runt, 
wobei ein Hohlraum (60) in der Befestigung mit 
Salzlosung gefullt wird, die optische Planfiache (54) 
von den Gleitschienen (58) gefuhrt wird, urn zu ei- 
ner Seite zu gleiten, wan rend das Gebiet uber dem 
zentralen Unterstutzungsknopf und deh Ausrich- 
tungspfosten (52) frelgeraumt wird, wobei die Kon- 
taktlinse (64), die vermessen wird, in die Salzlosung 
zwischen die Ausrichtungspfosten (52) abgesenkt 
wird und auf dem zentralen Unterstutzungsknopf 
(50) in einer im wesentlichen horizontalen Stellung 
zur Ruhe kommt und die optische Planfiache (54) 
dann zu einer zweiten entgegengesetzten Seite ge- 
schoben wird, urn sie uber der Kontaktlinse (64) zu 
positionieren. 

15. Verfahren nach Anspruch 13, dadurch gekenn- 
zeichnet, daB die optische Planfiache 54 eine un- 
tere Oberflache aufweist, die in die Salzlosung ein- 
getaucht wird, urn optische Storungen von der 
Oberflache der Losung zu beseitigen. 

16. Verfahren nach einem der vorangegangenen An- 
spruche, dadurch gekennzeichnet, daB die Kon- 
taktlinse (64) in der Salzlosung untergetaucht wird, 
wan rend sie auf der Unterstutzungsbefestigung an- 
geordnet wird. 

17. Verfahren nach einem der vorangegangenen An- 
spruche, dadurch gekennzeichnet, daB das Licht 
von einer Lichtqueile in eine Linie des Lichts (66) 
geformt wird, welche auf eine Kontaktlinse (64) ge- 
richtet ist, die in der Unterstutzungsbefestigung an- 
geordnet ist, wobei das Licht von der angestrahlten 
Kontaktlinse (64) von Abbildungsoptiken (16) auf 
eine Kamera (1 8) gerichtet wird, wobei ein Abbild 
von einem Framegrabber (20) aufgenommen und 
digital in einem Speicher (22) gespeichert wird, wo- 
bei das gespeicherte Abbild dann einer Abbildungs- 
bearbeitung unterworfen wird, einschlieBlich einer 
Abbildverstarkung (24), einer Kurvenanpassung 
(26) und einer Messung von Parametern der Linse 
mittels der Anwendung von ausgewahlten Algorith- 
men (28). 



18. Verfahren nach einem der vorangegangenen An- 
spruche, dadurch gekennzeichnet, daB der Erfas- 
sungsschritt mit einer Kamera (1 8) ausgefuhrt wird, 
die angeordnet wird, urn die Kontaktlinse (64) durch 

5 ein Prisma (56) und unter einem Winkel relativ zu 
einer Vertikaien zu betrachten. 

19. Vorrichtung zum Messen gewunschter Parameter 
einer Kontaktlinse (64) mittels optischen Schnei- 

'0 dens mit: 

a. einer Unterstutzungsbefestigung zum An- 
ordnen einer Kontaktlinse (64), die vermessen 
wird; 

'5 b. Mitteln zum Erzeugen und Richten einer Li- 

nie von Licht (66) durch die Kontaktlinse (64); 
und 

c. Mitteln zum Erfassen eines Abbilds des an 
den Oberflachen der Kontaktlinse (64) gestreu- 
20 ten Lichts und zum Analysieren des erfaBten 

Lichtabbilds, urn die gewunschten Parameter 
der Kontaktlinse (64) zu messen; dadurch ge- 
kennzeichnet, daB: 

25 die Linie des Lichts (66) durch einen aus- 

gewahlten Durchmesser der Kontaktlinse 
(64) so gerichtet werden kann, so da3 die 
Linie des Lichts die Kontaktlinse zweiteilt; 
und 

30 daB die Erfassungsmittel an den Oberfla- 

chen der Kontaktlinse (64) an dem ausge- 
wahlten Durchmesser gestreutes Licht er- 
fassen konnen, urn ein Querschnitts abbild 
an dem ausgewahlten Durchmesser zu er- 
35 zeugen, von dem die gewunschten Para- 

meter der Kontaktlinse (64) abgeleitet wer- 
den konnen. 

20. Vorrichtung nach Anspruch 19, dadurch gekenn- 
40 zeichnet, daB die Unterstutzungsbefestigung ei- 
nen Behalter (46) umfaBt, in dem ein Sockel (44) 
angeordnet ist, wobei der Behalter (46) mit einer 
Salzlosung gefullt ist und die Linse (64) auf dem 
Sockel (44) angeordnet ist, wobei die Linse voll- 

45 standig in der Losung untergetaucht ist und die Li- 
nie des Lichts (66) uber eine Kante des Behalters 
(46) und durch einen ausgewahlten Durchmesser 
der Kontaktlinse (64) gerichtet ist. 

so 21. Verfahren nach Anspruch 20, dadurch gekenn- 
zeichnet, daB eine ladungstragergekoppelte Fem- 
seh-(CCTV)-Abbildungskamera (18) das Abbild 
des von den Oberflachen der Kontaktlinse (64) ge- 
streuten Lichts erfaBt. 

55 

22. Vorrichtung nach Anspruch 21, dadurch gekenn- 
zeichnet, daB die Abbildungskamera (18) bezug- 
lich der Linse (64) erhoht ist und die Linse unter ei- 
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nem Winkel betrachtet, der groBer als der kritische 
Winkel bezuglich der Oberflache der Salztosung ist, 
welcher der minimale Winkel ist, unter dem Llcht 
weitergeleitet wird und unterhalb dessert alles Licht 
reflektiert wird und kein Licht von der Oberflache 
der Salzlosung weitergeleitet wird. 

23. Vorrichtung nach Anspruch 19, dadurch gekenn- 
zeichnet, daD die Kontaktlinse (64) in einer Verpak- 
kungssalzlosung in einem Verpackungsb eh alter 
untergetaucht ist. 

24. Vorrichtung nach Anspruch 19, dadurch gekenn- 
zelchnet, daft das Erfassungssystem eine optische 
Planflache (54), ein optisches auf der optischen 
Planflache (54) montiertes Prisma (56) und ein Ab- 
bildungslinsensystem umfaBt. 

25. Vorrichtung nach Anspruch 19, dadurch gekenn- 
zeichnet, daft die Mittel zum Erzeugen und Richten 
eine Anordnung umfassen,. in der Licht von einer 
Lichtquelle durch einen raum lichen Filter (36) pas- 
sieren kann, von einer Koilimierungslinse (38) kol- 
limiert werden und von einer zylindrischen Linse 
(40) in eine Linie von Licht (66) auf der Kontaktlinse 
(64) fokussiert werden kann, die vermessen wird. 

26. Vorrichtung nach Anspruch 19, dadurch gekenn- 
zeichnet, da (3 die Unterstutzungsbefestigung ei- 
nen zentraien Unterstiitzungsknopf (50) umfaGt, 
der von Ausrichtungspfosten (52) umgeben ist, urn 
eine Kontaktlinse (64) innerhaib der Unterstut- 
zungsbefestigung ordentlich zu positionieren. 

27. Vorrichtung nach Anspruch 26, dadurch gekenn- 
zeichnet, daft der zentrale Unterstiitzungsknopf 
(50) und die Ausrichtungspfosten (52) auf einem Ni- 
veau A in der Befestigung angeordnet sind und die 
Spitze der Ausrichtungspfosten sich nicht uber ein 
Niveau B in der Befestigung erstreckt, wobei eine 
optische Planflache (54) mit einem hierauf ange- 
ordneten Prisma (56) verschiebbar auf Gleitschie- 
nen (58) angeordnet ist und auf dem Niveau B runt, 
wobei ein Hohlraum (60) in der Befestigung mit 
Salztosung gefullt werden kann, wobei die optische 
Planflache (54) von den Gleitschienen (58) gefuhrt 
wird, urn zu einer Seite zu gleiten, wahrend das Ge- 
biet uber dem zentraien Unterstiitzungsknopf und 
den Ausrichtungspfosten (52) freigeraumt wird, die 
Kontaktlinse (64), die vermessen wird, in die Salz- 
losung zwischen die Ausrichtungspfosten (52) ab- 
gesenkt werden kann und auf dem zentraien Unter- 
stiitzungsknopf (50) in einer im wesentlichen hori- 
zontalen Stellung zur Ruhe kommt und die optische 
Planflache (54) dann zu einer zweiten entgegenge- 
setzten Seite geschoben werden kann, urn sie tiber 
der Kontaktlinse (64) zu positionieren. 



28. Vorrichtung nach Anspruch 19, gekennzelchnet 
durch Mittel zum Untertauchen der Kontaktlinse in 
der Salzlosung, wahrend die Kontaktlinse auf der 
Unterstutzungsbefestigung angeordnet ist. 

29. Vorrichtung nach Anspruch 19, dadurch gekenn- 
zelchnet, da 6 das Licht der ausgeleuchteten Kon- 
taktlinse (64) mittels Abbiidungsoptiken (1 6) auf ei- 
ne Kamera (18) gerichtet ist, wobei ein Abbild von 
einem Framegrabber (20) aufgenommen und digi- 
tal in einem Speicher (22) gespeichert werden 
kann, und das gespeicherte digitale Abbild dann ei- 
ner Abbildungsverarbeitung zum Messen der Para- 
meter der Linse (64) unterzogen werden kann. 



Revendlcatlons 

1. Precede" pour mesurer des parametres souhait6s 
20 d'une lentille de contact (64) par sectionnement op- 

tique comprenant les Stapes suivantes : 

a. positionnerune lentille de contact (64) surun 
support de fixation(46) ; 
25 b. g6n6rer un trait de lumiere (66) ; 

c. dinger le trait de lumiere (66) a travers la len- 
tille de contact (64) ; 

d. detecter une image de la lumiere dispersed 
sur les surfaces de la lentille de contact (64) ; et 

30 e. analyser I'image de la lumiere detectee pour 

mesurer les parametres souhait6s de la lentille 
de contact (64) ; caracterise en ce que : 

!e trait de lumiere est dirige sur un diametre 
35 selection ne de la lentille de contact (64) de 

facon telle que le trait de lumiere (66) par- 
tage en deux parties egales la lentille de 
contact ; 

Petape consistant a detecter I'image de la 
40 lumiere est r6alisee sur la lumiere disper- 

see sur les surfaces de la lentille de contact 
(64) sur le diametre s6lectionn6 pour g6- 
nerer une image en coupe du diametre 
selectionne~ ; et 
^5 |a deduction des parametres so uh ait 6s de 

la lentille de contact (64) Stantfaite a partir 
de ladite image en coupe. 

2. Proc6de selon la revendication 1 , dans lequel i'eta- 
50 pe consistant a analyser f ournit les parametres me- 

sures d'au moins quatre parametres de base d'une 
lentille de contact (64) comprenant le diametre (D), 
le rayon de courbure avant (FC), le rayon de cour- 
bure arriere (BC), et Pdpaisseur centrale (01). 

55 

3. . Proc6d6 selon la revendication 1 , dans lequel l'6ta- 
pe consistant a analyser f ournit les parametres me- 
sur6s de la lentille de contact (64) qui comprennent 
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le rayon de courbure avant avec une forme asph6- 
rique, le rayon de courbure arriere avec une forme 
aspherique, l'6paisseur centrale, le diametre, le 
rayon de courbure lenticulaire, le rayon de courbure 
pgripherique, la hauteur sagittale, les deviations as- 
pheriques, et la puissance de la lentille. 

4. Proc6d6 selon Tune quelconque des revendications 
pr6c6dentes, dans lequel le trait de lumiere (66) est 
dirige sur un support de fixation qui comprend un 
recipient (46) dans lequel un piedestal est position- 
n6, le recipient (46) est rempli avec une solution sa- 
line, et la lentille de contact (64) est placee sur le 
pigdestal (44) completement immerge dans la so- 
lution, et le trait de lumiere (66) est dirig6 au-dessus 
du bord du recipient (46) et sur un diametre seiec- 
tionn6 de la lentille de contact (64). 

5. Procede selon la revendication 4, dans lequel une 
camera d'imagerie de television (18) acouplage de 
charge (CCTV) detecte I'image de la lumiere dis- 
persed par les surfaces de la lentille de contact (64). 

6. Precede selon la revendication 5, dans lequel la ca- 
mera d'imagerie (1 8) est en position 6 levee par rap- 
port a et dirigee vers la lentille de contact (64) avec 
un angle superieur a Tangle critique relativement a 
la surface de la solution saline, qui est un angle mi- 
nimum auquel la lumiere est transmise et sous le- 
quel toute la lumiere est reftechie et aucune lumiere 
n'est transmise par la surface de la solution saline. 

7. Procede selon Tune quelconque des revendications 
precgdentes, dans lequel la lentille de contact (64) 
est immergee dans une solution saline receptrice 
dans un recipient recepteur. 

8. Procede selon la revendication 1 , dans lequel le 
systeme de detection comprend un eminent optique 
plat, un prisme optique monte sur I'glgment optique 
plat, et un systeme de lentilles d'imagerie. 

9. Procede selon I'une quelconque des revendications 
precSdentes, dans lequel I'image est analysed par 
un logiciel qui utilise une approche de traitement 
des donn6es par lissage non-Iineaire par les moin- 
dres carres. 

1 0. Procede selon I'une quelconque des revendications 
pr6c6dentes, dans lequel Idtape consistant a ana- 
lyser comprend une routine macro de traitement 
d' image qui combine diverses routines morphologi- 
ques en une sequence qui est executee pour cha- 
que image, dont le resultat est stocke num6rique- 
ment, et I'image stockee est ensuite entree dans un 
logiciel de calcul de parametres selectionnes de la 
lentille de contact (64). 



11. Procede selon la revendication 10, dans lequel le 
parametre de calcul est base sur une regression 
non-Iingaire based sur les erreurs rgsiduelles par 
rapport a un developpement en s6rie de Taylor d'un 

5 profil de courbe de lentille de contact (64) attendu. 

1 2. Precede" selon I'une quelconque des revendications 
precede ntes, dans lequel I'etape consistant a g6ne- 
rer comprend les etapes consistant a former et fo- 

10 caliser un faisceau de lumiere dans lequel la lumie- 
re venant d'une source lumineuse passe a travers 
un filtre spatial (36), estcoliimate par une lentille de 
collimation (38), et est focalise par une lentille cy- 
lindrique (40) dans un trait de lumiere (66) sur la 
15 lentille de contact (64) etant mesured. 

13. Procededelon I'une quelconque des revendications 
p reded entes, dans lequel le trait de lumiere (66) est 
dirige sur I'accessoire de support qui comprend un 

20 bouton de support central (50), entoure par des 
postes d'alignement (52) pour position ner correcte- 
ment une lentille de contact (64) dans I'accessoire 
de support. 

25 14. Procede selon la revendication 12, dans lequel le 
bouton de support central (50) et les postes d'ali- 
gnement (52) sont positionned en un niveau A sur 
I'accessoire, et le haut des postes d'alignement (52) 
ne s'etend pas au-dessus d'un niveau B dans I'ac- 
30 cessoire, un element optique plat (54) avec un pris- 
me (56) pos'rtionne sur celui-ci est positionne* de 
maniere coulissante sur des rails de coulissement 
(58) et repose au niveau B, une cavite (60) dans 
I'accessoire est remplie de solution saline, I'eiement 
35 optique plat (54) est guide par les rails de coulisse- 
ment (58) pour coulisser vers un cote tout en en de- 
gageant la zone au-dessus du bouton de support 
central (50) et les postes d'alignement (52), la len- 
tille de contact (64) etant mesured est abaissed 
40 dans la solution saline entre les postes d'aligne- 
ment (52), et vient reposer sur le bouton de support 
central (50) dans une position essentiellement ho- 
rizontale, et Idiement optique plat (54) est ensuite 
coulisse vers un second c6te oppose pour le posi- 
45 tionner au-dessus de la lentille de contact (64). 

15. Procede selon la revendication 13, dans lequel 
I'eiement optique plat (54) a sa surface lnf£rieure 
immergee dans la solution saline pour 6liminer les 

50 distorsions optiques dues a la surface de la solu- 
tion. 

1 6. Procede selon I'une quelconque des revendications 
precedents, dans lequel la lentille de contact (64) 

55 est immergee dans la solution saline une fois posi- 
tion ned sur I'accessoire de support. 

17. Proced6selonrunequelconquedesrevendications 
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prec§dentes p dans leque! la lumiere venant d'une 
source lumineuse est form6e en un trait de lumiere 
(66) qui est dirige sur une lentil le de contact (64) 
positionnee dans I'accessoire de support, la lumiere 
venant de la lentille de contact (64) illuminee est di- s 
rigee pardes optiques d'imagerie 1 6 sur une came- 
ra (18), une image est capturee par un capteur 
d'image (20) et stockee numeriquement dans le 
meYnoire (22), I'image numerique stocked est en- 
suite soumise a un traitement d'image, comprenant io 
un enrichissement d'image (24), un lissage decour- 
be (26), et la mesure des parametres de la lentille 
par ('application d'algorithmes choisis (28). 

1 8. Precede selon I'une quelconque des revendications is 
precedentes, dans lequel I'etape consistant a de- 
teeter est realisee par une camera (1 8) positionnee 
pour viser la lentille de contact (64) par I'interme- 
diaire d'un prism e (56) et avec un angle relative- 
ment a la verticale. 20 

19. Appareil pour mesurer des parametres souhaites 
d'une lentille de contact (64) parsectionnement op- 
tique comprenant : 

25 

a. un accessoire de support pour positionner 
une lentille de contact (64) a mesurer ; 

b. des moyens pour gene>er et diriger un trait 
de lumiere (66) sur la lentille de contact (64) ; et 

c. des moyens pour detecter une image de la so 
lumiere dtspersee sur les surfaces de la lentille 

de contact (64), et pour analyser I'image lumi- 
neuse detectee pour mesurer les parametres 
souhaites de la lentille de contact (64) ; carac- 
terise en ce que : 35 

!e trait de lumiere (66) est dirige sur un dia- 
metre se1ectionn& de la lentille de contact 
(64) de facon telle que !e trait de lumiere 
(66) part age en deux parties ggales la len- *o 
tille de contact ; 

les moyens de detection detectent la lu- 
miere disperses sur les surfaces de la len- 
tille de contact (64) sur le diametre selec- 
tionne pour gdnerer une image en coupe 45 
du diametre selectionne, a partir de laquel- 
le les parametres derives de la lentille de 
contact (64) peuvent 6tre d6duits. 

20. Appareil selon la revendication 1 9, dans lequel I'ac- 50 
cessoire de support comprend un recipient (46) 
dans lequel un piedestal (44) est positionne, le re- 
cipient (46) est rempii avec une solution saline, et 

la lentille de contact (64) est plac£e sur le pedestal 
(44) completement immerg6 dans la solution, et le ss 
trait de lumiere (66) est dirige" au-dessus du bord 
du recipient (46) et sur un diametre s6lectionn6 de 
la lentille de contact (64). 



21. Appareil selon la revendication 20, dans lequel une 
camera d'imagerie de television (16) couplee en 
charge (CCTV) detecte I'image de la lumiere dis- 
persee par les surfaces de la lentille de contact (64). 

22. Appareil selon la revendication 21, dans lequel la 
camera d'imagerie (18) est en position 6Ievee par 
rapport a et dirig£e vers la lentille de contact (64) 
avec un angle supeYieur a Tangle critique par rap- 
port a la surface de la solution saline, qui est un an- 
gle minimum aiiquel la lumiere est transmise et 
sous laquelle toute la lumiere est reflechie et aucu- 
ne lumiere n'est transmise par la surface de la so- 
lution saline. 

23. Appareil selon la revendication 19, dans lequel la 
lentille de contact (64) est immergee dans la solu- 
tion saline dans un recipient recepteur. 

24. Appareil selon la revendication 19, dans lequel le 
systeme de detection comprend un 6l6ment optique 
plat, un prisme optique monte sur I'accessoire op- 
tique, et un systeme de lentille d'imagerie. 

25. Appareil selon la revendication 19, dans iequel les- 
dits moyens de generation et de direction compren- 
nent un agencement dans iequel la lumiere venant 
d'une source lumineuse passe a travers un filtre 
spatial (36), est col lima tee par une lentille de colli-, 
mation (38), et estfocaliseepar une lentille cylindri- 
que (40) dans un trait de lumiere (66) sur la lentille 
de contact (64) etant mesuree. 

26. Appareil selon la revendication 1 9, dans lequel I'ac- 
cessoire de support comprend un bouton de sup- 
port central (50), entoure par des postes d'aligne- 
ment (52) pour positionner correctement une lentille 
de contact (64) dans I'accessoire de support. 

27. Appareil selon la revendication 26, dans lequel le . 
bouton de support central (50) et les postes d'ali- 
gnement (52) sont positionnes en un niveau A dans 
I'accessoire, et le haut des postes d'alignement (52) 
ne s'etend pas au-dessus d'un niveau B dans I'ac- 
cessoire, un 6l£ment optique plat (54) avec un pris- 
me (56) positionne sur celui-ci est positionne de 
maniere coulissante sur des rails de coulissement 
(5B) et repose sur le niveau B, une cavite (60) dans 
i'accessoire est remptie de solution saline, I'element 
optique plat (54) est guide par les rails de coulisse- 
ment (58) pour coulisser vers un c6t6 tout en en de- 
gageant la zone au-dessus du bouton de support 
central (50) et des postes d'alignement (52), la len- 
tille de contact (64) etant mesuree est abaissee 
dans la solution saline entre les postes d'aligne- . 
ment (52), et vient reposer sur le bouton de support 
central (50) dans une position essentietlement ho- 
rizontale, et I'element optique plat (54) est ensuite 
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coulisse vers un second cot6 oppose pour etre po- 
sitionne au-dessus de la lentilte de contact (64). 

28. Appareil selon la revindication 1 9, comprenant des 
moyens d'immersion de la lentille de contact dans 5 
la solution saline une fois positionnee sur faeces- 
soire de support. 

29. Appareil selon la revendication 19, dans lequel la 
lumiere venant d'une source lumineuse est formee 10 
en un trait de lumiere (66) qui est dirigee sur une 
lentille de contact (64) positionnee dans I' access oi- 

re de support, la lumiere venant de la lentille de con- 
tact (64) illuminee est dirigee par des optiques 
d'imagerie (1 6) sur une camera (18), une image est 15 
capture par un capteurd'image (20) etstockee nu- 
menquement dans le m§moire (22), et rimage nu- 
merique stockee est ensuite soumise a un traite- 
ment d'image pour la mesure des parametres de la 
lentille de contact (64). 20 
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